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PRE FS OO OP I EN 





Radiation Exposure to Staff Cardiologist vs. Senior Resident 
Cardiologist and Patients During Cardiac Catheterization 


Stanley J. Malsky, Ph.D.,' Jacob Haft, M.D.,? David Hayt, M.D.,* Lawrence Gould, M.D.,* 
Charles Blatt, M.D.,> Donald F. Simon, M.S.° and Bernard Roswit, M.D." 


A study was conducted to compare the radiation exposure received by a 
senior resident cardiologist to that of the staff cardiologist when per- 
forming a full cardiac procedure. In addition, patient exposure values 
were obtained. The staff cardiologist was found to receive approximately 
50-60 mR/procedure in the chest region and the senior resident received 
approximately 61 to 73 mR. The exposure to patients as calculated from 
tabletop measurements varied from 24 to 73 R. 


The role of the medical physicist encom- 
passes many responsibilities in the hospital set- 
ting. In diagnostic radiology, radiation therapy, 
and nuclear medicine, the assignments may in- 
clude clinical, consultation, teaching, research, 
health physics and radiation protection studies. 
For diagnostic radiology, the responsibilities in 
part include technical assistance in the evalua- 
tion of diagnostic procedures in terms of possi- 
ble dose reduction to patients and personnel, 
and evaluation of the performance of new diag- 
nostic equipment. It was within the framework 
of the above criteria that this study was under- 
taken. 


Background 


A recent study by the Division of Medical 
Radiation Exposure, Bureau of Radiological 


* Associate professor, Radiological Science, Manhat- 
tan College, Bronx, N.Y. 10471. 
a Cardiology Service, Veterans Hospital, Bronx, 


*Chief, Radiology Service, Misericordia Hospital, 
Bronx, N.Y. 

*Chief, Cardiology Service, Misericordia Hospital, 
Bronx, N.Y. 
Oe eae Radiology Service, Fordham Hospital, Bronx, 


* Chief physicist, Misericordia Hospital, Bronx, N.Y. 


*Chief, Radiotherapy Service, Veterans Hospital, 
Bronx, N.Y. 
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Health (1) reported that between the years 
1964 (2) and 1970, the use of medical x rays 
has increased over 25 percent. During this same 
period of time, complicated, time-consuming, 
new special procedures have increased patient 
exposure time in the radiological setting (3-5). 
One of these special diagnostic radiographic 
procedures, cardiac catheterization, may re- 
quire from 2 to 4 hours and may incur consid- 
erable patient exposure time. These time factors 
therefore lead to the conclusion that both pa- 
tient and support personnel could receive con- 
siderable doses of radiation. 

In a preliminary paper (6), a dosimetry 
study was undertaken of the cardiac catheter- 
ization team for a number of full procedures; 
the present study is a continuation of the pre- 
liminary work. 


Purpose of the study 


This study attempts to compare the radiation 
exposure received by the senior resident cardi- 
ologist to that of the staff cardiologist when 
each performed a full cardiac procedure. Natu- 
rally, che level of difficulty in a particular case 
can nullify a particular comparison. The data 
obtained, therefore, are an average of total, live 
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fluoroscopy time. A second part of this study 
was to obtain patient exposure values (R) and 
area exposed (cm?) in terms of R-cm?. 


Dosimetry techniques 


The dosimetry systems consisted of: 
1. commercial, conventional, clip-on and 
wrist film badges, and 
2. thermoluminescent (TL) lithium fluoride 
(LiF) wafers, 12.7 mm in diameter. 
Individual film badges were issued only once 
to the medical staff per examination and then 
returned to the vendor for development and re- 
sults. The film badges were worn by the car- 
diologist at the following locations: 
collar level, outside lead apron. 
chest level, outside lead apron. 
. chest level, inside lead apron. 
wrist of hand, and 
. back, waist level, outside lead apron. 
Thermoluminescent dosimetry techniques 
have been described in a number of papers 
(7,8) and texts (9-11) and will not be covered 
in this article in detail, other than to indicate 
that annealing, screening, quality control tech- 
niques were employed for the dosimeters prior 


to use. The TL discs were used in pairs: placed 
into a plastic bag, sealed, and then mounted on 
the underside of ordinary adhesive bandages 
(figure 1). These adhesive bandage dosimetry 


packages were then positioned on the following 
anatomical sites, adjacent (when applicable) to 
where film badges were stationed: 

over the left eye, 

over the right eye, 

collar, outside lead apron, 

chest, outside lead apron, 

chest, inside lead apron, 

wrist, 

back, waist level, outside lead apron, 
gonadal area, inside lead apron, and 
gonadal area, outside lead apron. 


SPSS FP rrr 


Patient exposure (R-cm*) 


It is possible to obtain an approximate pa- 
tient total exposure value by employing a recon- 
struction of the clinical study using a phantom 
and the various physical factors (kV, mAs, 
source-to-patient distance, and filtration). In 
dynamic studies, the ideal setting would be to 
obtain dosimetry information of the perform- 
ance of the actual procedure. In an attempt to 
determine patient exposure over various portal 
sizes, an R-cm? unit was installed directly in 
front of ,the adjustable x-ray collimator. This 
unit serves to indicate that a patient has re- 
ceived a certain area dose which can be com- 
pared to that received by another patient: it is 
not an absolute value, but certain data and in- 
ferences can be obtained using this unit. 





AAT 





A YZ Two TL Dosimeters 
Assembled Dosimeters 
in Plastic Package 














Figure. 1. 


Thermoluminescent dosimeter package 
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A commercial model of this system is the 
Diamentor.* It consists of a parallel plate ion- 
ization chamber, a preamplifier, and a control 
unit which has a digital readout and printer. 
The chamber is mounted directly in front of the 
adjustable diaphragm so that the entire x-ray 
beam always passes through it. The Diamentor 
is calibrated so that each step recorded is equiv- 
alent to an area exposure of 1 or 10 R—cm?. Con- 
sider a skin dose with fields 8 x 8 cm (64 cm?) 
and of 16 x 16 cm (256 cm’); in the latter 
case approximately four times the radiation has 
been delivered. The chamber therefore has 
value in terms of: 


1. an approximation of patient area expo- 
sure, and 
2. in a residency training program, it could 
serve as a measure of residency ability, 
and finally 
. asa health physics guide in the cardiology 
department. 


The physical characteristics of the x-ray sys- 
tem as employed in this study are: 


1. full-wave rectification, single phase, 

2. voltage-125 kV (65-100 kVp actual), cur- 
rent-300 mA., 

3. live time: 5 to 20 minutes (fluoroscopy) ; 
cine time: up to 4 minutes; total proce- 
dural time: 1-4 hours, 

. filter—2.5 mm aluminum added, plus 0.5 
mm aluminum inherent plus 0.4 mm 
aluminum equivalent for the parallel plate 
ionization chamber (Diamentor). Total 
filtration: 3.4 mm aluminum equivalent, 

. tabletop measurement: 3.0 R/min. at 100 
kVp at a source to table distance of 38 
cm: 10 X 10 em field, 

6. image intensifier face—22 cm diameter, 

7. table top field size: 60-180 cm?, and 

8. automatic brightness control. 


The above factors contain some changes from 
the original study (6). Basically, the total filtra- 
tion has increased slightly due to the addition 
of the ionization chamber on the adjustable 
collimator. The field size at the fluoroscope 
screen has generally been reduced from a range 
of 180-300 cm? to a range of 150-250 cm’. 


* Nuclear Associates, Westbury, Long Island, N.Y. 


July 1972 


Procedure 


The Judkens technique for coronary arteriog- 
raphy was employed in all cases. The catheter- 
ization team consists of three physicians, a 
nurse and a technician. The approximate loca- 
tion of each member is shown in figure 2. All 
personnel wear 0.5-mm lead rubber aprons. 
There is no lead overleaf or flexible lead rubber 
drape about the radiographic tube. The physi- 
cian performing the procedure does not wear 
lead rubber gloves. The radiation field intensi- 
ties (mR/h) were measured using suitable ion- 
ization chamber rate meters. 





LEGEND 





« Cardiologist 


e. TV viewer (either position) 
- Patient monitoring equipment 
x. X-Ray tube (under the table) 








Figure 2. Approximate location of personnel during a 


cardiac procedure 


As far as possible during fluoroscopy, the di- 
rect beam was limited to the cardiac silhouette. 
The dimensions of the field varied with the 
heart size. The live time varied with: 

1. the difficulty ascribed to each patient, and 

2. whether the senior cardiac resident or the 

senior medical member performed the 
study. 


Results 


Of the 12 patients (adult males) receiving a 
full cardiac catheterization procedure, the ex- 
posure as calculated from tabletop measure- 
ments varied from 24 to 73 R. The portal size at 
the posterior of the patient ranged from 60 cm* 
to 180 cm’. The corresponding R-cm’ readings 
were in the range of 1,420 to 4,700 R-cm’ with 
an average of 2,100 R-cm’. 

Exposure data for medical personnel per- 
forming the studies are contained in table 1. 
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Table 1. Summary of dosimetry readings for full 


cardiac procedure 





Staff cardiologist Senior resident 


cardiologist 
Location of dosimeters* 








Eye area (TL) 
Collar (F) 
Collar (TL) 

















* F, film dosimetry; TL, ther 
gown; I, inside lead gown. 





As can be noted from the data, the senior staff 
receives on the average, approximately 14 to 4 
of the maximum weekly permissible dose to the 
trunk of the body if a single full procedure is 
performed without assistance. A senior cardiac 
resident receives approximately 25 percent 
more to the same body part as a result of his 
general limited experience. 


Discussion 


This study attempted to determine medical 
staff (senior staff and senior residents) expo- 
sure to various anatomical sites while perform- 
ing a full cardiac catheterization, and an esti- 
mate of patient area exposure. 

Personnel exposure was measured by the 
techniques of film badges and thermolumines- 
cent dosimetry. Patient exposure was deter- 
mined using live-time data, R/mm tabletop 
measurements, and R-cm? for area exposure. 

While it is understood that the R-cm? data 
are not absolute values, and that integral dose 
in terms of kilogram-rad or millijoules for the 
measurement of radiant energy may be desira- 
ble, the mode of recording patient area expo- 
sure in the R-cm? unit does serve a purpose. In 
a teaching hospital, the R-—cm? unit can serve 
as a measure (at first approximation) of area 
dose received by patients during procedures 
conducted by various residents or senior staff. 
It may also serve with suitable mathematical 
modeling as a means of comparison of integral 
doses. 
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It should be noted that it is highly desirable 
that the consulting services of a radiologist and 
a medical physicist be available, and they 
should be considered as an integral advisory 
part of that service. 


Future projections 
The following areas are being explored: 


1. comparison studies between hospitals are 
in progress, 


2. patient (male, female and children) ; 
gonadal information is essential and is 
being obtained, 


investigation of the use of image storage 
systems as a mode of reducing both per- 
sonnel and patient exposure. One such 
system, developed by Cameron et al.® and 
viewed using phantoms, shows promise 
and possible application in fluoroscopic 
examination, and 


further studies with the R-cm? unit in 
terms of resident training and health 
physics are continuing and an attempt 
will be made to relate these values to inte- 
gral dose of the patient. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, March 1972 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is most useful as an indi- 
cator of the general population’s intake of 
radionuclide contaminants resulting from envi- 
ronmental releases. Fresh milk is consumed by 
a large segment of the population and contains 
several of the biologically important radionu- 
clides that may be released to the environment 
from nuclear activities. In addition, milk is pro- 
duced and consumed on a regular basis, is con- 
venient to handle and analyze, and samples 
representative of general population consump- 
tion can be readily obtained. Therefore, milk 
sampling networks have been found to be an 
effective mechanism for obtaining information 
on current radionuclide concentrations and 
long-term trends. From such information, pub- 
lic health agencies can determine the need for 
further investigation or corrective public health 
action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office 
of Food Sanitation, Food and Drug Adminis- 
tration, Public Health Service, consists of 
63 sampling stations: 61 located in the United 
States, one in Puerto Rico, and one in the Canal 
Zone. Many of the State health departments 
also conduct local milk surveillance programs 
which provide more comprehensive coverage 
within the individual State. Data from 15 of 
these State networks are reported routinely in 
Radiation Data and Reports. Additional net- 
works for the routine surveillance of radioac- 
tivity in milk in the Western Hemisphere and 
their sponsoring organizations are: 


July 1972 


Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency )—5 sampling 
stations 


Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the net- 
works presently reporting in Radiation Data 
and Reports are shown in figure 1. Based on the 
similar purpose for these sampling activities, 
the present format integrates the complemen- 
tary data that are routinely obtained by these 
several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selec- 
tive metabolism of the cow, which restricts gas- 
trointestinal uptake and secretion into the milk. 
The five fission-product radionuclides which 
commonly occur in milk are strontium-89, 
strontium-90, iodine-131, cesium-137, and 
barium-140. A sixth radionuclide, potassium-40, 
occurs naturally in 0.0118 percent (2) abuu- 
dance of the element potassium, resulting in a 
specific activity for potassium-40 of 830 pCi/g 
total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
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metabolically similar radionuclides (radiostron- 
tium and radiocesium, respectively). The con- 
tents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963—March 1966 
(3) and were determined for use in general 
radiological health calculations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, it was first necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agreement 
of the measurements among the laboratories. 
The Analytical Quality Control Service of the 
Office of Radiation Programs conducts periodic 
studies to assess the accuracy of determinations 
of radionuclides in milk performed by inter- 
ested radiochemical laboratories. The general- 
ized procedure for making such a study has 
been outlined previously (4). 

The most recent study was conducted during 
July 1971 with 37 laboratories participating in 
an experiment on a milk sample containing 
known concentrations of iodine-131, cesium- 
137, strontium-89, and strontium-90 (5). Of the 
17 laboratories producing data for the networks 
reporting in Radiation Data and Reports, 14 
participated in the experiment. 

The accuracy results of this experiment for 


Table 1. 


these 14 laboratories are shown in table 1. Con- 
siderable improvement has been made in the 
accuracy of the analyses of all radionuclides 
compared to the results of previous studies. 
Some improvement is still needed in the tech- 
nique for determining the strontium-90 results. 
These possible differences should be kept in 
mind when considering the integration of data 
from the various networks. 


Development of a common reporting basis 


Since the various networks collect and ana- 
lyze samples differently, a complete understand- 
ing of several parameters is useful for inter- 
preting the data. Therefore, the various milk 
surveillance networks that report regularly 
were surveyed for information on analytical 
methods, sampling and analysis frequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own modi- 
fications and refinements of these basic meth- 
odologies. The methods used by each of the 
networks have been referenced in earlier re- 
ports appearing in Radiological Health Data 
and Reports. 

A previous article (6) summarized the cri- 
teria used by the State networks in setting up 
their milk sampling activities and their sample 
collection procedures as determined during a 
1965 survey. This reference and an earlier data 


Distribution of mean results, quality control experiment 





Number of laboratories in each category 





Isotope and known concentration 
Acceptable* Warning Unac- Total 


level> ceptablee 





Iodine-131 (69 pCi/liter) 
Cesium-137 (52 pCi/liter) 
Strontium-89 (31 | pe tone 
Strontium-90 (41.6 pCi/liter) 


18 (100%) 
12 (92%) 
9 (90%) 
9 (69%) 


0 0 
1 (8%) 0 
1 (10%) ; 


1 (8%) (23%) 

















*® Measured concentration equal to or within 2¢ of the known concentration. 
> Measured concentration outside 2¢ and equal to or within 3e of the known concentration. 
© Measured concentration outside 3¢ of the known concentration. 





article for the particular network of interest 
may be consulted should events require a more 
definitive analysis of milk production and milk 
consumption coverage afforded by a specific net- 
work. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on a 
quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environmental levels. 
The number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are rela- 
tively stable over short periods of time, and 
sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and is 
generally increased at the first measurement or 
recognition of a new influx of this radionuclide. 

The data in table 2 shows whether raw or 
pasteurized milk was collected. An analysis (7) 
of raw and pasteurized milk samples collected 
during January 1964 to June 1966 indicated 
that for relatively similar milkshed or sampling 
areas, the differences in concentration of radio- 
nuclides in raw and pasteurized milk are not 
statistically significant (7). Particular atten- 
tion was paid to strontium-90 and cesium-137 
in that analysis. 


Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation counting errors or 2- 
standard-deviation total analytical errors from 
replicate analyses (3). The practical reporting 
level reflects analytical factors other than sta- 
tistical radioactivity counting variations and 
will be used as a practical basis for reporting 
data. 


The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 
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Practical reporting level 


Radionuclide (pCi/liter) 


Strontium-89 
Strontium-90 
Iodine-131 
Cesium-137 
Barium-140 








Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases, the larger value is used so that only data 
considered by the network as meaningful will 
be presented. The practical reporting levels 
apply to the handling of individual sample de- 
terminations. The treatment of measurements 
equal to or below these practical reporting 
levels for calculation purposes, particularly in 
calculating monthly averages, is discussed in 
the data presentation. 

Analytical error or precision expressed as 
pCi/liter or percent in a given concentration 
range has also been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 
(2 standard deviations) 


1-5 pCi/liter for levels <50 
pCi/liter ; 5-10% for levels 
=> 50 pCi/liter ; 


1-2 pCi/liter for levels <20 
pCi/liter ; 4-10% for levels 
=> 20 pCi/liter ; 


4-10 pCi/liter for levels <100 
pCi/liter ; 4-10% for levels 
=100 pCi/liter. 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Radionuclide 


Strontium-89 





Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


Federal Radiation Council guidance 
applicable to milk surveillance 


In order to place the U.S. data on radioactiv- 
ity in milk presented in Radiation Data and 
Reports in perspective, a summary of the guid- 
ance provided by the Federal Radiation Council 
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Table 2. Concentrations of radionuclides in milk for March 1972 and 12-month period, 
April 1971 through March 1972 





Radionuclide concentration 
(pCi/liter) 





) 7" 
Sampling location rs) Strontium-90 Cesium-137 








Monthly 12-month Monthly 12-month 
average> average average> average 





UNITED STATES: 





a 


Phoenix¢ 
Little Rocke 
Sacramento* 
San Francisco* 


moocoocooooocoosSo~“06 
= _ 
woo 


COONK SCAINSNWleNoOcgd-~) 
me 


Swvanrreawcean 


° 
_ 


Northwest 
South Central 


888n8eSa~ 


686 $ 


Wilmington* 
Washington* 


sr 

—BosT 
= 

oraeo 


Tampa Bay area 
West 


od 
CWBWBDAAIAIAIAIGOCHAADAOCAATwWBN-3-) 


Zz 


Idaho Falls¢ 
Chicago* 
Indianapolis* 
Central 


Southwest 
Des Moines® 
Des Moines 
Iowa City 
Little Cedar 


Zz Zz 
a 
Sr 00 00 © 00 im 00 00 > PP 00-300 DCO ~2en COP Com 0-3 
= 
SHADHOAIIWAH 


— 


Proenaanc 
_ 


Zz 


_ 
AAAS ow 
ca 


— 


— 


PPPS PP UU OME 
Zz 
TIDAWDWOAMDODAMHOAOGAIDWWHWOWO 


= 
o 
a 
aw 

















See footnotes at end of table. 
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Table 2. Concentration of radionuclides in milk for March 1972 and 12-month period, 
April 1971 through March 1972—continued 





Radionuclide concentration 
(pCi/liter) 





—_ 
Sampling location of Strontium-90 Cesium-137 








Monthly 12-month Monthly 12-month 
average> average average> average 





UNITED STATES: 





Minn: Rochester 
Worthington 
Jackso 


= 
DWOAD 
CADRS 
Seakardieal 
Ione 


mr 
SOOMHOAM 


Albuquerque® 
Buffaloe 


os 


bo bO PO PO PN PS PO PO NN tN tS 


LQ OBO OOOO 
a 
_ 
-2IOCOHR OD 


oneuatiasseée 
$383a 


— 
AAANAGCSO ARCAAIDAINBONAWAHK 


te 


DWI mo 


Cincinnati¢ 
Cleveland¢ 
Oklahoma City* 
Portland* 


Pittsburgh°_ 
a bs 


Lawrenceburg 
Nashvi 
Pul: 


WWOWBWDMWDGOHOCABAGCBAIAIDISCH 


BS BO BO PO PN PO PS Go fo PN fo f PN B 
SO oe 


o S o 
AO OO OOOO 


CMAP ORR OOD 


— 


ichita Falls 
Salt Lake Citys 
Burlin 


i 
PAARoBAoIAMAMMMSSCCOCOMOCOCOOMORAA 


Spokane* 
Benton County 
Franklin County 
Sand 


= 
PAWONHHAMTIDOAaM=-3 


W. Va: 
Wisc: 
Wyo: 


SOOO SU MUU UU UU UU UU UU UU UU UU UU UU UU UU UU UU UIT 

















See footnotes at end of table. 
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Table 2. Concentration of radionuclides in milk for March 1972 and 12-month period, 
April 1971 through March 1972—continued 





“T° 


Sampling location 


Radionuclide concentration 
(pCi/liter) 





Strontium-90 Cesium-137 








12-month 
average 


Monthly 
average> 


12-month 


Monthly 
av average 





CANADA: 
Alberta: 


British Columbia: 
Manitoba: Wi 
New Bruswick: 
Newfoundland: 
Nova Scotia: 
Ontario: 


Quebec: 
Saskatchewan: 


woud yy Uy UU UU UNI" 





Canal Zone: 
Chile: 
Colombia: 


wyryu ut” 
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Zz 
@e;|oomococo 
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@e| oonmoone 











. Fr pasteurized milk. 
raw milk. 


b When an individual sampling result was equal to or less than the practical 


rting level, a value of “0” was used for averaging. 


Monthly averages less than the practical reporting level reflect the fact that some but not all of the individual samples making up the 


average contained levels ter t 


of sam les in the mont average is given in parentheses. 
‘asteurized 


the practical reporting level. When more than one analysis was made in a monthly period, the number 


Milk etmuslt a station. All other Sete locations are part of the State or National network. 


a Radionuclide analysis not routinely performed 
¢ The practical 
were equal to or less t the following practical repo levels: 
Iodine-131: Colorado—25 pci 
Michigan—14 Alter 
m—15 oy ha /liter 


rting levels for these networks 4 from the general ones given in the text. Sampling results for the networks 


iter Gesiumt 7: Colorado—25 ofc ie Strontium-90: New York—3 pCi/liter 
New York— i 


Oregon—15 pciy liter 


/liter 


{ This entry gives the average radionuclides concentrations for the Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 
NS, no sample collected. 


for specific environmental conditions was pre- 
sented in the December 1970 issue of Radio- 
logical Health Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiation Data 
and Reports. The relationship between the 
PMN stations and the State stations is shown 
in figure 2. The first column under each of the 
reported radionuclides gives the monthly aver- 
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age for the station and the number of samples 
analyzed in that month in parentheses. When 
an individual sampling result is equal to or 
below the practical reporting level for the 
radionuclide, a value of zero is used for averag- 
ing. Monthly averages are calculated using the 
above convention. Averages which are equal to 
or less than the practical reporting levels re- 
flect the presence of radioactivity in some of 
the individual samples greater than the practi- 
cal reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
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Figure 2. 


for the station as calculated from the preceding 
12 monthly averages, giving each monthly aver- 
age equal weight. €ince the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply, the 12-month aver- 
age serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90 and cesium-137 for March 1972 
and the 12-month period, April 1971 to March 
1972. Except where noted, the monthly average 
represents a single sample for the sampling 
station. Strontium-89, iodine-131 and barium- 
140 data have been omitted from table 2 since 
levels at the great majority of the stations for 
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State and PMN milk sampling stations in the United States 


March 1972 were below the respective practi- 
cal reporting levels. Table 3 gives monthly aver- 
ages for those stations at which strontium-89, 
iodine-131, and barium-140 were detected. 


Table 3. Strontium-89, iodine-131 and barium-140 
in milk, March 1972 





Concentration 
(pCi liter) 
Sampling location 





Iodine- 
131 





if: Del Norte (State) 
: East (State) 
Northwest (State) 
: Hays 
: Louisville (PMN) 
: Clinton (State) 
Fayetteville (State) ____- awd 














® Number in parenthesis indicates number of samples. 
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Strontium-90 monthly averages ranged from 
0 to 16 pCi/liter in the United States for March 
1972 and the highest 12-month average was 
17 pCi/liter (Little Falls, Minn.), represent- 
ing 8.5 percent of the Federal Radiation 
Council radiation protection guide. Cesium-137 
monthly averages ranged from 0 to 54 pCi/liter 
in the United States for March 1972. The high- 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guid- 
ance developed by the Federal Radiation Coun- 
cil, provide a basis for evaluating the signifi- 
cance of radioactivity in foods and diet. 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing 
estimates of nationwide dietary intakes of 
radionuclides. Programs reported in Radiation 
Data and Reports are as follows: 


Program 


California Diet Study 

Carbon-14 in Total Diet 
and Milk 

Connecticut Standard Diet 

Institutional Total Diet 


Radiostrontium in Milk 
Strontium-90 in Tri-City Diets 
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Period reported 
July-December 1970 





July-December 1971 
January—December 1970 
October-December 1971 

and 1971 Annual Summary 
January—December 1970 
January—December 1970 


Issue 
November 1971 


May 1972 
December 1971 


June 1972 
April 1972 
November 1971 
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SECTION If. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4) 
set the limits for approval of a drinking water 
supply containing radium-226 and strontium-90 
at 3 pCi/liter and 10 pCi/liter, respectively. 


Water sampling program 





Higher concentrations may be acceptable if the 
total intake of radioactivity from all sources 
remains within the guides recommended by 
FRC for control action. In the known absence ' 
of strontium-90 and alpha-particle emitters, the 
limit is 1,000 pCi/liter gross beta radioactivity, 
except when additional analysis indicates that 
concentrations of radionuclides are not likely 
to cause exposures greater than the limits in- 
dicated by the Radiation Protection Guides. 
Surveillance data from a number of Federal and 
State programs are published periodically to 
show current and long-range trends. Water 
sampling activities reported in Radiation Data 
and Reports are listed below. 


* Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively. 


Period reported 





Issue 


March 1972 
May 1972 


Colorado River Basin 
Interstate Carrier Drinking Water 


1968 
1971 


Kansas 
Michigan 
New York 


North Carolina 

Radioactivity in California Waters 
Radioactivity in Florida Waters 
Radiostrontium in Tap Water, HASL 
Tritium in Community Water Supplies 
Tritium Survelliance System 
Washington 
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January—December 1970 

January—June 1970 
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and January—June 1971 

January—December 1967 

January—December 1970 

1969 
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1969 
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May 1972 
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Gross Radioactivity in Surface Waters of the United States 


November 1971 


Office of Water Programs 
Environmental Protection Agency 


The monitoring of gross radioactivity in 
surface waters of the United States was initi- 
ated in 1957 as part of the Water Pollution 
Surveillance System (formerly National Water 
Quality Network) of the U.S. Public Health 
Service. Currently, the program is operated 
by the U.S. Environmental Protection Agency, 
Office of Water Programs. Regional offices of 
the Environmental Protection Agency are re- 
sponsible for the collection of samples and the 
entering of the resulting data into the analyti- 
cal storage and retrieval system. Radioactivity 
analyses are performed in the centralized 


Table 1. 


radioactivity laboratories of the Office of Water 
Programs (Cincinnati, Ohio). 

The regular reporting of gross radioactivity 
data in Radiological Health Data and Reports 
was terminated with the publication of data 
for October 1968 (April 1969 issue). With the 
publication of data for January 1971, this ac- 
tivity was resumed as a monthly report series. 
The unpublished data for the time interval of 
November 1968 through December 1970 will be 
the subject of a future summary article. 

Table 1 presents the gross alpha and beta 
results for samples collected from 10 rivers 


Gross radioactivity in U.S. surface waters, November 1971 





Number 


River and station of grab 


Gross alpha radioactivity 


Gross beta radioactivity 


(pCi/liter) (pCi/liter) 





samples 


Suspended solids 


Dissolved solids Suspended solids Dissolved solids 





Clinch River: 
Kingston, Tenn 

Colorado River: 
Utah-Colo. State Line 
Moab Highway Bridge, Utah 
Moab Mill Creek, Utah 
Lake Granby, Colo 


Dolores River: 


Gateway, Colo 
Silt, Colo 


Mississippi River: 
Dubuque, Iowa 
Burlington, Iowa 


Ohio River: 
Cincinnati, Ohio 


Roanoke River: 
John Kerr Dam, Va 


San Miguel River: 
Above Uravan, Colo 
Below Uravan, Colo 
Naturita, Colo 


St. Lawrence River: 
Massena, 


White River: 
Watson, Utah 


Yampa River: 
Maybell, Colo 1 








<0.6(<0.3, <1.4) 


(<.6, <2) 


(<.3, <2) 


(<.3, <2) 
<2,4 
(<.3, <1) 


(<.3, <2) 


<1.0(<0.3, <2.0) <5 


13 

(<8, <7) <ll ($6.26) 
(<3,7) > <8 ,26) 

< 


(<4,6) 


(8,28) (5, 45 (15,73) 
(13 ,31) ; 3 (8,82) 


6 
7 
(<3, <4) 


(<3, <3) | <6 (<4,9) 


(<.8, <4) (<2, <6) (<3,10) 


(<3, <4) 


(<2, <8) 


1 7 














* Where more than one sample is analyzed during the month, the minimum and maximum are in parentheses. 
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during November 1971. The analytical pro- 
cedures used for determining gross alpha and 
beta radioactivity are described in the 13th 
Edition of Standard Methods for the Examina- 
tion of Water and Wastewater (1). Results 
are reported for the date of counting and are 
not corrected to the date of collection. The 
sensitivity in counting is that defined by the 
National Bureau of Standards, Handbook 86 
(2) and is calculated to be <0.2 pCi/liter for 


July 1972 


gross alpha radioactivity and <1 pCi/liter 
for gross beta radioactivity measurements. 
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SECTION Ill. AIR 


Radioactivity in Airborne Particulates 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross beta- 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases 
of the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 


Network 


Fallout in the United States and 
other areas, HASL 

Mexican Air Monitoring Program 

Plutonium in Airborne Particulates 

Surface Air Sampling Program, 
80th Meridian Network, HASL 


January—December 1970 
February—December 1971 
July-September 1971 


January—December 1969 


AND DEPOSITION 


and Precipitation 


periodically to show current and long-range 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, the Mexican Commission 
of Nuclear Energy, and the Pan American 
Health Organization. 

In addition to those programs presented in 
this issue, the following programs were pre- 
viously covered in Radiation Data and Reports. 


Period Issue 


December 1971 
May 1972 
April 1972 


February 1972 
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1. Radiation Alert Network 
March 1972 


Division of Atmospheric Surveillance 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 70 locations distributed throughout 
the country (figure 1). Most of the stations 
are operated by State health department 
personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the 
radon daughter products have decayed, and 
at 29 hours after collection, when most of the 
thoron daughter products have decayed. They 
also perform field estimates on dried precipita- 
tion samples and report all results to appro- 
priate Environmental Protection Agency offi- 
cials by mail or telephone depending on levels 
found. A compilation of the daily field esti- 
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mates is available upon request from the Air 
Quality Information Systems Branch, Division 
of Atmospheric Surveillance, EPA, Research 
Triangle Park, North Carolina 27711. A de- 
tailed description of the sampling and analyti- 
cal procedures was presented in the March 
1968 issue of Radiological Health Data and 
Reports. 


Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured 
by the field estimate technique during March 
1972. 

Stations that reported high readings in 
March are (air) Santa Fe, N. Mex.—17 
pCi/m*; (precipitation) Nashville, Tenn.—38 
nCi/m?; Oklahoma City, Okla.—25 nCi/m’; 
and Portland, Oreg.—20, 22, and 80 nCi/m’. 
These elevated levels are attributed to a nu- 
clear detonation on March 18, 1972 by the 
People’s Republic of China. 

All other field estimates reported were 
within normal limits for the reporting station. 
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Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, March 1972 





Gross beta radioactivity Precipitation 
(5-hour field estimate) 
(pCi/m*) 
Number Field estimation of deposition 





Station location 








rs) 
samples 


Number Depth Total 
of (mm) deposition 
samples (nCi/m*) 


Maximum | Minimum | Average* 
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* The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
> This station is part of the tritium surveillance system. No gross beta measurements are done. 
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2. Canadian Air and Precipitation Monitoring 
Program,: March 1972 


Radiation Protection Division 
Department of National Health and Welfare 

The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipita- 
tion in connection with its Radioactive Fallout 
Study Program. Twenty-four collection sta- 
tions are located at airports (figure 2), where 
the sampling equipment is operated by per- 
sonnel from the Meteorological Services Branch 
of the Department of Transport. Detailed dis- 
cussions of the sampling procedures, methods 
of analysis, and interpretation of results of 
the radioactive fallout program are contained 
in reports of the Department of National 
Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and 
Reports. 

Surface air and precipitation data for March 
1972 are presented in table 2. 


+ Prepared from information and data obtained from 


the Canadian Department of National Health and Wel- 


Table 2. Canadian gross beta radioactivity in surface air 
and precipitation, March 1972 
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Figure 2. Canadian air and precipitation sampling stations 


July 1972 





3. Pan American Air Sampling Program 
March 1972 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 3. Analytical techniques were de- 
scribed in the March 1968 issue of Radiological 
Health Data and Reports. The March 1972 air 
monitoring results from the participating coun- 
tries are given in table 3. 





"GUAYAQUIL Vie) 





© 200 400 600 800 1000 Miles 


© 300 600 900 1200 Kilometers 











Figure 3. Pan American Air Sampling Program stations 
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Table 3. Summary of gross beta radioactivity in 
Pan American surface air, March 1972 





Gross beta radioactivity 
(pCi/m*) 
Station location 








Argentina: 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 


Guyana: 
Jamaica: 
Peru: 
Venezuela: 

















0.00 





* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m! are reported 
and used in averaging as 0.00 pCi/m!*. 





4. California Air Sampling Program 
March 1972 


Bureau of Radiological Health 
California State Department of Public Health 


The Bureau of Radiological Health of the 
California State Department of Public Health 
with the assistance of several cooperating 
agencies and organizations operates a surveil- 
lance system for determining radioactivity in 
airborne particulates. The air sampling loca- 
tions are shown in figure 4. 

All air samples are sent to the Sanitation 
and Radiation Laboratory of the State Depart- 
ment of Public Health where they are analyzed 
for their radioactive content. 

Airborne particles are collected by a con- 
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Figure 4. California air sampling program stations 


tinuous sampling of air filtered through a 47 Table 4. Gross beta radioactivity in California air, 
millimeter membrane filter, 0.8 micron pore we Sony 

size, using a Gast air pump of about 2-cubic- 
feet per minute capacity, or 81.5 cubic meters 
per day. Air volumes are measured with a Maximum | Minimum | Average 
direct reading gas meter. Filters are replaced ™ 
every 24 hours except on holidays and week- 
ends. The filters are analyzed for gross alpha : 
and beta radioactivity. Analyses are normally Eureka 30 pe 
made 72 hours after the end of the collection 

period. The daily samples are then composited 

into a monthly sample. A gamma scan and an San Bernardino- 
analysis for strontium-89 and strontium-90 

are made. Table 4 presents the monthly gross 
beta radioactivity in air for March 1972. 





Gross beta radioactivity* 
(pCi/m?) 


Station location 








i. 
5. 




















* Single sample taken at Orange, Calif., March 15, 1972, resulted in a 
gross beta activity of 0.14. This sample is not included in summary. 
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5. Plutonium in Airborne Particulates 
October—December 1971 


Office of Radiation Programs 
Environmental Protection Agency 


The Radiation Alert Network (RAN) of 
the Division of Atmospheric Surveillance, 
Environmental Protection Agency, routinely 
collects airborne particulates samples from 
eleven selected RAN stations for plutonium 
analyses. The plutonium analyses were initi- 
ated in November 1965, and references to the 
previous results through December 1969 have 
been published (6). 

One-half of each individual air filter from 
the selected stations is sent to the Northeastern 
Radiological Health Laboratory, Winchester, 
Mass. The laboratory analyzes a composite of 
these samples from each station on a quarterly 
basis. The results for October-December 1971 
are presented in table 5. The minimum detect- 
able activities are 0.020 pCi and 0.015 pCi per 
sample for plutonium-238 and plutonium-239, 
respectively. The volume of air sampled varies, 
generally ranging from 20,000 to 30,000 cubic 
meters per month. 


Other coverage in Radiation Data and Reports: 
Period 


July—December 1970 
January—March 1971 
April-June 1971 

July-September 1971 


Issue 


June 1971 
November 1971 
March 1972 
April 1972 


Table 5. Plutonium in airborne particulates 
October-December 1971 





Plutoni 


Plutoni 
239 
(aCi/m') 


Plutonium- 





Location 


238 
(aCi/m!) plutonium-238 





— 


New Orleans 
Baltimore 


BReeeranra 














ND, nondetectable. 
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Air Surveillance Network,’ March 1972 


Western Environmental Research Laboratory 
Environmental Protection Agency 


The Air Surveillance Network (ASN), oper- 
ated by the Western Environmental Research 
Laboratory (WERL), Las Vegas, Nev., consists 
of 104 active and 18 standby sampling stations 
located in 21 western States (figures 1 and 2). 
The network is operated in support of nuclear 
testing sponsored by the Atomic Energy Com- 
mission (AEC) at the Nevada Test Site (NTS), 
by the Space Nuclear Systems Office at the Nu- 


clear Rocket Development Station which lies 
within the NTS, and by the AEC at any other 
designated testing sites. 

The stations are operated by State health 
department personnel and by private individ- 
uals on a contract basis. All samples are mailed 


-? The ASN is operated under a Memorandum of Un- 
derstanding (No, AT(26—-1)-—539) with the Nevada Op- 
erations Office, U.S. Atomic Energy Commission. 
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Figure 2. WERL Air Surveillance Network stations outside Nevada 


to the WERL unless special retrieval is 
arranged at selected locations in support of 
known releases of radioactivity from the NTS. 
A complete description of sampling and analyti- 
cal procedures was presented in the February 
1972 issue of Radiation Data and Reports. 


Results 


Table 1 presents the monthly average gross 
beta radioactivity in air particulates for each 
of the network stations. The highest gross beta 
radioactivity within the network was 110 
pCi/m* at Furnace Creek and at Indio, Calif. 
The minimum reported concentration for gross 
beta radioactivity is 0.1 pCi/m*. For averaging 
purposes, individual concentrations which are 
below the minimum detectable concentration 
(0.06 pCi/m*) are assumed to be equal to the 
minimum detectable concentration. Averages 
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less than the minimum reported level (0.1 
pCi/m*) are reported as <0.1 pCi/m*. 

From gamma spectrometry results, fission 
products in varying combinations of neptu- 
nium-239, cerium-141, barium-140, tellurium- 
132, iodine-131, ruthenium-103, and zirconium- 
95 were identified on samples collected in 
Arizona, California, Colorado, Idaho, Kansas, 
Louisiana, Nebraska, Nevada, New Mexico, 
Oregon, Texas, Utah, Washington, and Wyo- 
ming. Table 2 lists the highest concentrations 
of these radionuclides, which are attributed to 
a nuclear detonation by the People’s Republic 
of China on March 18, 1972. 

Copies of this summary and listings of the 
daily gross beta and gamma spectrometry re- 
sults are distributed to EPA regional offices 
and appropriate State agencies. Additional 
copies of the daily results may be obtained 
from the WERL upon written request. 
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Table 1. Summary of gross beta radioactivity concentrations in air, March 1972 





Concentration 
a es (pCi/m!') 
ts) 





samples 
Minimum 
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Table 1. Summary of gross beta radioactivity concentrations in air, March 1972—continued 





Concentration 
(pCi /m!) 
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® Individual values less than the minimum detectable concentration (MDC) are set equal to * _ for aver- 
aging. A monthly average less than the minimum reported value of 0.1 pCi/m!* is reported as <0.1 


Table 2. Concentration of radionuclides in air 
March 1972 





Maximum 
Radionuclides concentration Location 
(pCi/m*) 
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SECTION IV. OTHER DATA 


This section presents results from routine 


from human bone sampling, Alaskan surveil- 
sampling of biological materials and other 


lance, and environmental monitoring around 


media not reported in the previous sections. 
Included here are such data as those obtained 


nuclear facilities. 





Offsite Surveillance Around the Nevada Test Site ' 


January-June 1968 


Western Environmental Research Laboratory, 
EPA,’ and Nevada Operations Office, AEC 


During January through June 1968, 18 
announced nuclear tests were conducted in 
Nevada by the U.S. Atomic Energy Commis- 
sion (AEC). Three of these tests* and two 
operations of the Phoebus 2A nuclear rocket 
engine at the Nuclear Rocket Development Sta- 
tion released radioactivity that was detected 
in the offsite area surrounding the Nevada 
Test Site (NTS). Under a memorandum of 
understanding with the AEC and the Public 
Health Service (PHS), the Southwestern 
Radiological Health Laboratory (SWRHL) per- 
formed offsite radiological monitoring and sur- 
veillance in support of these tests. 


Operational procedures 


Before each event, mobile ground monitors 
were positioned downwind. If a release oc- 
curred, they conducted a monitoring program 
directed from the AEC control point. In addi- 
tion to the routine sampling and monitoring 
provided within 300 miles of each nuclear 
event, surveillance was extended as necessary 
to provide adequate coverage. Measurements 


This article is a summary of report No. SWRHL- 
81r, “Off-site Surveillance Activities of the Southwest- 
ern Radiological Health Laboratory from January 
through June 1968.” 

*Formerly the Southwestern Radiological Health 
Laboratory of the U.S. Department of Health, Educa- 
tion, and Welfare, Public Health Service, Bureau of 
Radiological Health. 

* These three tests, Hupmobile, Cabriolet and Buggy 
I, were reported in reference (1). 
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were made periodically until 
levels returned to background. 

Each monitor was equipped with two Eber- 
line E-500B survey meters, an NE-148 scin- 
tillation instrument and a Victoreen Radector, 
Model No. AGB-50B-Sr. Eberline RM11 ex- 
posure-rate recorders at fixed locations docu- 
mented cloud passage. An Air Force U-3A 
aircraft was used for aerial cloud tracking and 
two SWRHL Turbo-Beech aircraft provided 
sampling and long-range tracking. 

The Air Surveillance Network (ASN) oper- 
ated in most of the States west of the Missis- 
sippi River (figure 1). The air samplers used 
were positive displacement vacuum pumps with 
an average flowrate of 10-cubic feet per minute. 
The filter media used were a 4-inch Whatman 
541 filter paper and an MSA charcoal cartridge. 
One hundred and seventy-eight samples were 
collected from about 30 locations in the estab- 
lished milk sampling network. Samples were 
taken from both commercial dairies and private 
producers. Vegetation samples were collected 
after known releases of radioactivity. to help 
delineate the fallout pattern. A total of 426 
samples of both potable and nonpotable water 
was collected from about 80 locations. 

Approximately 122 residents in the offsite 
areas wore film badges and five film badges 
were placed at each of 107 dosimetry stations. 
One hundred of these stations were also 
equipped with three EG&G model TL-12 


radioactivity 
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Figure 1. 


thermoluminescent dosimeters (TLD). The film 
badge used contained DuPont type 545 film and 
has a 30 mR lower limit of detection. 

A PHS medical officer was available to in- 
vestigate reports of injuries to persons alleged 
to be a result of the test series and to maintain 
liaison with local physicians. No injuries were 
reported. Veterinarian services were also pro- 
vided by the PHS to conduct wildlife and 
domestic livestock investigations. 


Analytical procedures 


All samples were returned to the SWRHL 
in Las Vegas for analysis. Air sample particu- 
late filters were counted for beta radioactivity. 
Selected particulate filters, all charcoal car- 
tridges, water, and milk samples were analyzed 
for gamma-emitting isotopes. Gamma-ray 
spectra were evaluated using a matrix tech- 
nique which allowed for the simultaneous deter- 
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mination of eight nuclides. In addition to 
gamma analysis, water samples were analyzed 
for gross alpha and beta radioactivity. 


Results 


Radioactive material was released offsite 
following one underground nuclear event and 
after two Plowshare cratering experiments. 
These were Hupmobile on January 18, Cabrio- 
let on January 26, and Buggy I on March 12. 
Two power operations of the Phoebus 2A 
nuclear rocket reactor released radioactive 
material detected offsite on June 8 and June 26. 

The maximum concentration of gross beta 
in air was 33,000 pCi/m? at Stone Cabin Ranch 
about 16 miles west and 5 miles north of Warm 
Springs, Nev. This activity was released by the 
Cabriolet experiment (table 1). 

The maximum external gamma radiation 
level measured at a populated location during 
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Table 1. Highest levels of air sampling results in off-NTS areas (based on iodine-131), January through June 1968 





Event, 
date 


time-on /off 


Location 


azimuth—distance* Collector> 


Average concentrations during collection period 
(pCi/m*) 





Todine-131 i ee Iodine-133 Barium-140 | Tungsten-187 





Cabriolet 
1/26 
1020/1500 
Cabriolet Clark Station, Nev. 
1 353°—60 miles 
0730/1620 


Stone Cabin Ranch, Nev. 
354°—64 miles 


B I Warm Springs, Nev. 
8/1 360°—8 ales 
1087/1545 


Buggy Reed Ranch, Nev. 
3/12 14°—53 miles 
1105/1305 


Buggy I 


Blue Jay, Nev. 
3/12 
0705/1615 


4°—91 miles 











14,000 


290 180 2,500 210 
37 4,900 


72 2,900 


150 000 160 9,300 


2, 
3,300 65 3,600 


61 3,600 
14 2,200 


2,300 
1,200 


1,500 
960 




















* Azimuth and distance from surface zero. 
> PF, particulate filter; CC, charcoal cartridge. 


this period was 65 mR/h following Carbiolet 
on January 26. This level was recorded by a 
permanent gamma-ray exposure rate recorder 
at Clark Station, Nev. This level occurred at 
1010 hours on January 26, 10 minutes after 
cloud arrival and approximately 2 hours and 
10 minutes after detonation. By 1030 hours, 
this level had dropped to about 2 mR/h. A 
monitor using a portable survey instrument 
observed a maximum reading of about 43 mR/h 
during cloud passage near the same location 
(table 2). 


Table 2. Highest levels of ground monitoring results in 
off-NTS areas, January through June 1968 
(readings from portable instruments) 





Net gamma 
radioactivity 
reading 
(mR/h) 


Event and date Location 
(1968) 





Cabriolet 
Cabriolet 


16 miles west of Warm Springs, Nev. 43 
(unpopulated 


) 
~~ Cabin Ranch, Warm Springs, 20 


ev. 

4 miles east of Warm Springs, Nev. 8.5 
(unpopulated) 

4 miles west of Lathrop Wells, Nev. 7 


anuary 18 (unpopulated) 











The maximum concentration of iodine-131 
in milk was 630 pCi/liter from a sample col- 
lected at Deeth, Nev. after Cabriolet (table 3). 

No water samples collected from sources 
used for human consumption contained radio- 
activity attributable to any of the above nu- 
clear events. 

The highest exposure measured by a dosim- 
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etry device during this period was 8 mR meas- 
ured by a TLD at Clark Station following 
Cabriolet. This exposure included that due to 
cloud passage plus 7 days of residual exposure 
following cloud passage. 


Table 3. Highest levels of milk sample results in off-NTS 
areas, January through June 1968 





Concentration 
Date (pCi/liter) 
milked 
(1968) 


Event and location 


Iodine-131 Iodine-133 





2/8 
8/15 
2/1 
Deeth, Nev. 
Cabriolet ‘ 1/28 
1/27 


3/15 
‘ancake Summit, Nev. 














Conclusions 


Surveillance does not indicate that any in- 
dividual in an offsite area received an exposure 
which exceeded the guides established by the 
AEC and/or recommended by the Federal 
Radiation Council. 
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Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual re- 
ports on the environmental levels of radio- 
activity in the vicinity of major Commission 
installations. The reports include data from 
routine monitoring programs where operations 
are of such a nature that plant environmental 
surveys are required. 

Releases of radioactive materials from 
AEC installations are governed by radiation 
standards set forth by AEC’s Division of Oper- 


ational Safety in directives published in the 
“AEC Manual.”* 


A summary of environmental radioactivity 


data follow for the Brookhaven National 
Laboratory. 


*Title 10, Code to Federal Regulations, Part 20, 
“Standards for Protection Against Radiation” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Brookhaven National Laboratory’ 
July-December 1968 


Associated Universities, Inc. 
Uptown, N.Y. 


The Brookhaven National Laboratory (BNL) 
operations may affect the environmental levels 
of radiation in three ways: (1) by radioactivity 
in the cooling air from the research reactors, 
(2) by radiation from an ecology forest gamma- 
ray source, and (3) by low-level radioactive 
liquid wastes released to a stream that forms 
one of the headwaters of the Peconic River 
(figure 1). The radiation levels resulting from 
reactor air effluent and the ecology forest 
source are monitored continuously by four sta- 
tions located at the site boundary. The liquid 
waste effluent from the laboratory sewage pro- 


* Summarized from “Effects of Brookhaven National 
Laboratory on Environmental Levels of Radioactivity 
during the Second Half of 1968,” Associated Universi- 
ties, Inc., Upton, N.Y. 11973. 
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cessing plant is monitored continuously at the 
point where the stream leaves the site. 
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Figure 1. Brookhaven National Laboratory and sur- 
rounding area 
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Area monitoring 


The average weekly radiation levels at the 
Brookhaven National Laboratory site perimeter 
(figure 1), due to laboratory operations, are 
given in table 1. Radiation levels at the north- 
east perimeter are somewhat greater than at 
other monitoring stations due to a cesium-137 
source located in the nearby forest. The radia- 
tion levels at this location were 17 percent of 
the established Atomic Energy Commission 
(AEC) radiation protection standard of 500 
mrem/a for individuals in the general popula- 
tion. The low levels at the other three perimeter 
stations are attributed to the Brookhaven 
Graphite Research Reactor being on standby 
status during almost the entire period. Values 
of radiation background levels undisturbed by 
laboratory operations also have been included 
in table 1 for purposes of comparison. 


Water monitoring 


The liquid waste effluent from the laboratory 
sewage processing plant is monitored continu- 
ously at the point where the stream leaves the 
BNL site. The average concentration and total 
amount of gross beta radioactivity in the liquid 
waste effluent, at the site boundary, are shown 
in table 2 for July-December 1968. 


Table 1. 
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Figure 2. Brookhaven National Laboratory monitoring 


station locations 


Analysis of composite samples of the effluent 
has shown that, on the average, less than 20 
percent of the radioactivity consists of stron- 
tium-90 and that no appreciable amounts of 
radioactive iodine or bone-seeking radionuclides, 
such as radium, are present. Under these con- 
ditions, the applicable AEC radiation protec- 
tion standard for discharge of liquid waste to 
uncontrolled areas would be 1 nCi/liter. The 
observed concentration at BNL was 1 percent 
of the standard. 


External gamma radioactivity at BNL site perimeter due to laboratory operations,* 


July-December 1968 
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* Due principally to argon-41 in reactor cooling air, and at the northeast perimeter, to the ecology forest cesium- 


137 source. 
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Table 2. Gross beta radioactivity in liquid waste effluent at BNL site boundary 
July-December 1968 





Volume of flow 
(gallons/day) 


Average beta 

radioactivity 

concentration 
(pCi /liter) 


Total beta 
radioactivity 
concentration 
discharged 
(mCi) 


Tritium 
concentration 
(nCi /liter) 


Tritium 
radioactivity 
(Ci) 
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January-June 
July-December 


896 ,000 
839 ,000 
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866 ,000 
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Most gross beta measurement instruments 
are not sensitive to low energy beta emitters, 
such as tritium, for which special analysis 
methods must be employed. The concentration 
and amounts of tritium found during this re- 
porting period in the laboratory’s liquid waste 
effluent are also shown in table 2. The applica- 
ble AEC standard is 3 »Ci/liter, averaged over 


a period of 1 year. The observed concentration 
of tritium at BNL was 0.5 percent of this 
standard. 


Recent coverage in Radiation Data and Reports: 
Period Issue 


January-June 1968 June 1972 


Radiation Data and Reports 








Reported Nuclear Detonations, June 1972 


(Includes seismic signals presumably from foreign nuclear detonations) 


There were no nuclear detonations reported 
by the U.S. Atomic Energy Commission for 
June 1972 for the United States. 

The U.S. Atomic Energy Commission an- 
nounced that the United States recorded seismic 
signals, presumably from a Soviet underground 


nuclear explosion. The signals originated at 
about 9:30 p.m. (EDT), June 6, 1972, at the 
Semi-palatinsk nuclear test area and were 
equivalent to those of an underground nuclear 
explosion in the intermediate yield range of 
20-200 kilotons. 








Information in this section is based on data received during the month, 
and is subject to change as additional information may become available. 
Persons requiring information for purposes of compiling announced nu- 
clear detonation statistics are advised to contact the Division of Public 
Information, U.S. Atomic Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


RADIATION EXPOSURE TO STAFF CARDIOLOGIST VS SENIOR 
RESIDENT CARDIOLOGIST AND PATIENTS DURING CARDIAC 
CATHETERIZATION. Stanley J. Malsky, Jacob Haft, David Hayt, 
Lawrence Gould, Charles Blatt, Donald F. Simon, and Bernard Roswit. 
Radiation Data and Reports, Vol. 14, July 1972, pp. 387-391. 


A study was conducted to compare the radiation exposure received by 
a senior resident cardiologist to that of the staff cardiologist when per- 
forming a full cardiac procedure. In addition, patient exposure values 
were obtained. The staff cardiologist was found to receive approximately 
50-60 mR/procedure in the chest region and the senior resident received 
approximately 61 to 73 mR. The exposure to patients as calculated from 
tabletop measurements varied from 24 to 73 R. 


KEYWORDS: Cardiac catheterization, diagnostic radiology, medical 
xX rays, radiation exposure. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 








is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 


consideration nor have appeared in any other publica- 
tion. 


The mission of Radiation Data and Reports is stated 
on the title page. It is suggested that authors read it 
for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ation Data and Reports, EPA, Office of Radiation 
Programs, Parklawn 18 B-40, Washington, D.C. 20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiation Data and Reports. In addition, Radiation 
Data and Reports has developed a “Guide” regarding 
manuscript preparation which is available upon re- 
quest. However, for most instances, past issues of 
Radiation Data and Reports would serve as a suitable 
guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 





Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible afte: 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, ete. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief list 
of symbols and units commonly used in Radiation Data 
and Reports is given on the inside front cover of every 
issue and examples of most other matters of preferred 
usage may be found by examining recent issues. Isotope 
mass numbers are placed at the supper left of elements 
in long series of formulas, e.g., ‘*“Cs; however, elements 
are spelled out in text and tables, with isotopes of the 
elements having a hyphen between element name and 
mass number; e.g., strontium-90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 

Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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